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-Qur invention relates to-amplifiers of the trav-
elling wave tyve and has for its object the pre-
vention-cf ringing and oscillating -of such-ampli-
fiers. -
Travelling wave tubes, known generally to the
art today, consist of o tightly wound helix down
which an electromagnetic wave can propagate.
'The phase velocity of propagation of the electro-
magnetic wave glong the -axis of the helix 1Is
small compared to the velocity -of light and the
mogde of propagation of this wave is-called fthe
slowed-up mode. An electron heam is-arranged
to direet o stream .of electrons -axially through
the helix. When the levoceity of the electrong in
the stream is slightly ;greater than the phase ve-
locity of :the wave, part of the kinetic energy of
the electrons is converted into radio frequency
energy and the electromagnetic wave which 1s
propagated in the direction of the -€leciron
stream is amplified.

Such travelling wave amplifiers have g tend-
ency to ring or oscillate under certain conditions
of insertion loss and overall gain and therefore
the helix has been made lossy 10 prevent ‘any
ringing whieh is 'the result of mismatches at the
input and output terminations. The conditions
for the prevention of ringing arethat the product

GXL<1

where G is the gain of the wave travelling for-
ward from the input to the output terminations
and L is the attenuation of the wave reflected
from the output to the input terminations or cou-
plings.

- 'We have discovered that ringing still-occurs in
a travelling wave amplifier-tube when'the product

GXL<<1

Under such conditiong oscillations could not be
supported by the travelling wave amplifier tube
it only the one slowed-up mode of propagation
were possible along the helix or slow transmis-
sion line. Therefore another method of feedback
from the output to the inpuf is present, this feed-
back causing the ringing. This feedback con-
gists of another mode of propagation -along the
helix or slow -transmission line, which mode 1s
relatively unattenuated by the lossy helix.

it is accordingly an obiect of this invention to
prevent the ringing of a travelling wave .ampli-
fier by preferentially damping the feedback from
the modes of nropagation through the helix other
than the slowed-up mode.

It is a further object of this invention to pre-
vent the ringing of a travelling wave amplifier
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by opreferential -damping without seriously

changing cold insertion loss of the tube.

It is a further object of -this invention to pre-
vent the ringing of a travelling wave amplifier by
preferentigl damping without seriously increas-
ing the gttenuation offered to waves in the
slowed-up mode of propagation.

We accomplish these and other obhjects by
placing lossy or absorbing material (that is, a
material that will attenuate electromagnetic

waves that pass therethrough) adjacent the helix

of the conventional -travelling wave amplifier
tube 'in a region in which the electromagnetic

wave travelling in-a fast mode through said -hél’ix
is -strong-and the wave travelling in the slowed-

up -mode is extremely weak or effectively negli-

gible. 'In a specific embodiment we accomplish

these objects by placing the loosy or absorbent
material about the glass envelope surrcunding
the helix and bhetween the glass envelope and

the fo-cus_ing solenoid which alse surrounds the
glass envelope.

"The -above-mentioned objects and features
and others will be more readily understood with
reference to ‘the following description of a spe-
cific embodiment and with reference to the-at-
tached drawings of which

"Pig, 1-is-a cross-sectional view of a travelling
wave tube -showing features of my invention;

“PBig. 2 isa graph -of the magnitudes of the in-

tensities of the electro-magnetic waves travel-

ling in the slowed-up mode and in another mode
relative -to their maximum -values through the
helix as a function of the distance from the cen-
ter-of the-helix:-and

Figs, 3 and 4 are cross-sectional views of a

travelling 'wave tube showing two other embodi-

ments of ourinvention.

The tube 'of our invention is generally illus-
trated in Fig." 1. ‘An envelope [ encloses an elec-
tron gun 2, focusing electrodes 3 and 4, tightly
wound helix 8§, and collector electrode 86, ar-
ranged in the order named from end to end of

the tabe. “The axis of the helix 5 is aligned with
5 the electron gun 2 which is indirectly hegted hy
coil 1,'leads 8 and 9 of said coal heing connected
across g battery §0. A lead 1 from the electron

gun is connected to the negative side of g high

Tension source 12. Leads {2 and 14 from focusing

electrodes .3 and 4 are connected to low voltage
points of said source {2. A lead {5 from col-
lector electrode 6 is also connected to a low volt-
age point of the source. This is done so that

the unconverted portion of the kinetic energy of
‘the beam does not necessarily appear as dissi-
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pated power at the collector electrode. A lead (8
from the helix 5 is connected to the positive end
of the high tension source 12.

The helix § is connected at either end to metal
cylinders or collars 17T and 18, each arranged
coaxially about the beam path and adapted to
fit inside the glass envelope. The helix 5 is con-
~nected to the collars {7 and i8 by means of
straight conducting stubs 19 and 26. A rectangu-
lar wave guide 21 provided with apertures there-

through and closed at one end 22 is arranged.

with the envelope of the tube through the aper-
tures such that the stub 19 which is connected
to the helix at the end adjacent the electron gun
projects into the guide 21. 'The guide 2i con-
stitutes the input wave guide. Similarly an aper-
tured rectangular wave guide 23 with a closed
end 24 is arranged with the stub 20 projecting
therein. The guide 23 constitutes the output
wave guide. - |

A solenoid 25 is arranged coaxially about the

‘helix 5 for focusing the beam. therethrough. Ac-

cording to the present invention a lossy mate-

‘rial 26 such as granulated carbon in a binder or
a thin metallic film or coating whose thickness

1s small compared to their skin depth, is arranged -

coaxlally about the glass envelope between the
envelope and the solenoid or coated in the glass
envelope on the outside thereof (see Fig. 3) or on
the inside thereof (see Fig. 4). | -

The operation of the device is as follows: An
ultra high frequency wave is fed through wave
guide 21 to the helical guide 5. The helix 5 propa-
gates the wave therealong from the end adja-
cent the electron gun to-the end adjacent the
collector electrode in a slowed-up mode. The
axial velocity of the wave is small compared to
the velocity of light. An electron beam is di-
rected axially through the helix at a velocity

slightly greater than the axial phase velocity.

The wave has an axial electric field component

which slows up the electrons in the beam and
thus the Kinetic energy of the beam is trans-
formed into electromagnetic energy and the wave
taken off in the output guide is amplified.

If the impedance matching between the out-
put guide 23 and the helical guide via the stub
‘20 is not perfect there will be reflection of the
electromagnetic waves through the helix from
the collector towards the electron gun. The re-
Ilected waves constitute feedback and they cause
the tube to oscillate. - |

The helix may be made lossy, that is, it may
be made to attenuate the reflected wave. How-
ever, experiment shows that oscillations occur
with a lossy helix in which GXI.<<1. This sug-
gests that there exists a wave travelling in s
faster mode along the axis of the helix. In fact
the wave travels with approximately the velocity
of light. The fast mode suffers much less at-
tenuation due to the lossy helix since there are
fewer wave lengths of it than of the wave of the
slowed-up mode. | )

- Experiments show that a lossy material placed
between the glass envelope of the tube and the
focusing: solenoid cause a marked. reduction in
the tendency to oscillate. By proper adjustment
of the lossy material the oscillations are com-
pletely stopped without seriously changing the
cold Insertion loss of the tube. o .

This suggests that the wave travelling in the
fast mode falls off much less rapidly in the

radial direction away from the helix than the

wave in the slow mode. Mathematical studies
coniirm this as shown graphically in Fig. 2. The
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4
absolute values of the electric field intensities of
waves travelling in the slow and the fast modes
are a maximum af a radius r1 from the center of
the helix, the helix itself having g radius 1. 'The
field intensity of the slowed up wave falls off
rapidly for values of radius greater than r: and
is practically negligible for a radius r2. The elec-
tric field intensity of the fast wave falls off much
less rapidly for values of the radius greater than
r1 and is of substantial intensity at the distance
r2 from the center of the helix. A lossy material
of proper attenuation characteristic and of cylin-
drical shape of radius r2 will attenuate the wave
of the unwanted fast mode and will have negli-
gible effect upon that of the wanted slow mode.
While we have described our invention with

- reterelce to a particular embodiment, it is not

intended to be limited thereto but only as de-
fined in the appended claims.

What we claim is:

1. A travelling wave amplifier comprising an
electron gun and a collector electrode defining
an electron beam path therebetween, an envelope
about said gun and said collector electrode, a
wave gulde including a helix of wire located about
said beam path for propagating an electromag-
netic wave along said beam path in the direction
from. said gun to said collector electrode, said
electromagnetic wave being propagated along
sald wave guide with an axial phase velocity
slightly less than the velocity of the electrons
in said beam and 3 length of electromagnetic
fleld attenuation material disposed and extending
therealong for substantially the entire length
thereof, said attenuation material comprising a
cylindrical form of lossy material located coaxi-
ally about said helix of wire, said helix being lo-
cated inside said envelope and said attenuation
material being located outside and about said
envelope.

2. A travelling wave amplifier comprising an
electron gun and a collector electrode defining
an electron beam path therebetween, an enve-
lope about said gun and said collector electrode,
a wave guide including a helix of wire located
about said beam path for propagating an elec-
tromagnetic wave along said beam path in the
direction from said gun to said collector electrode,
sald electromagnetic wave being propagated along
sald wave guide with an axial phase velocity
slightly less than the velocity of the electrons
in said beam and a length of electromagnetic field
attenuation material disposed and extending
therealong for substantially the entire length
thereof, said attenuation materig] comprising a
cylindrical form of lossy material located coaxi-
ally about said helix of wire, said helix being lo-
cated inside said envelope and said attenuation
material comprising a coating of lossy material

~on the outside of said envelope.
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